Polarised light microscopy is used to detect and measure matter (in fluids, tissues, or cells) that has crystalline or crystalline-like properties. Because light has electromagnetic properties, it can be influenced by the electromagnetic properties of material through .which it passes. In many materials this influence is equal in whatever direction the light is vibrating. But crystalline material specifically influences the speed of light that passes either along or across it. Variation in the speed of light in one or other direction cannot be detected with normal illumination, in which the light is vibrating in all directions perpendicular to the light path, but only with plane-polarised light-that is, with light in which all the vibrations have been filtered out except for one direction.
Birefringence and refractive index
The speed with which plane-polarised light moves in a material is measured by the refractive index of that material-that is, refractive index=velocity of light in air/velocity of light in the material.
Crystals in particular have three optical axes. These usually correspond to the length, breadth, and depth of the material. In microscopical examination we are mainly concerned with only the first two of these dimensions. For most materials the refractive index in one direction-for example, along the length of the material-is the same as in any (Fig. 1) .
The light passing through the polariser is plane-polarised so that it vibrates solely in the E-W direction.
Consequently, it has vectors in the 450 positions, as shown in Fig. 1 , but it has no vector in the N-S direction; thus it will not pass the analyser, set to the N-S position, and the field will appear black.
We now place in the field a birefringent object in which light vibrates more rapidly along its long axis than its short axis. When set to the 450 position it will be maximally bright. This is because one of the 450 vectors of the E-W light will be The vibration of the resultant light will be turned towards the N-S axis-that is, the object will have turned the plane of polarisation. This resultant vibration will now have a vector that will be in the N-S direction. This will pass through the analyser that is set to the N-S direction and the object will appear bright, with the background remaining black.
The maximum resolution of the light microscope is about 0 25 ,um.4 But here we are not concerned with resolution so much as with detection, which is obviously related solely to how much brighter the object is than its background. Hence minute particles or crystals, much smaller than 0 25 ,um diameter, can be detected by polarised light microscopy, provided that they are sufficiently birefringent to make them appear bright, even though they cannot be resolved.
The theory of polarised light microscopy involves the interference between the vectors of the light (or the ordinary and extraordinary rays To determine the sign of birefringence, the crystal is orientated with its long axis at the 45°position that intersects the N-E angle. Provided that the crystal shows straight extinction (which is virtually true of both of these types of crystals), it will appear maximally bright on a black background. The quartz red plate is then inserted into the slot in the microscope tube. In this position the slow axis of the wedge (marked on the casing of the wedge as the y-direction) is in the south-west to north-east (SW-NE) direction. Thus the long axis of the crystal is lying along the slow axis of the wedge.
The quartz red plate is cut so that the vectors (or rays) interfere with one another to give first order red light in Newton's scale. Consequently the hitherto black field now appears red. The interference colours shown by the crystal will depend on whether the geometric long axis corresponds to the optically slow, or optically fast, axis. Thus the retardation of the light (R), induced by the plate, will either be further retarded, or less retarded, and this will be reflected in a change in the Newton's order of colours5: R total = R plate + R specimen This means4 that the slow axis of the crystal is along its geometric long axis. It has added to-that is, increased-the retardation of the light in the SW-NE (450) Obviously, if the crystal is rotated to the NW-SE position, there will be reversal of colour in the crystal because now the 'fast' axis will be parallel to the slow axis of the wedge.
If the slow axis of the crystal is at right angles to its geometric long axis-that is, its fast axis is along the long axis of the crystal-the reverse pertains: 
